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This report describes the status for the period 15 August 1991 to 14 Febru-
ary 1992 of Astrophysics Data Program contract NAG5-1746 to the Smithsonian
Astrophysical Observatory ("Generation of Complete Source Samples from the
Slew Survey").
1 Identifications
We had proposed to establish well-defined samples of bright X-ray sources with
the Einstein Slew Survey, via identifications with optical counterparts. The Slew
Survey, which was 44% identified at the outset of the grant, is now 78% identified.
These identifications have come from a thorough search of existing X-ray and
optical catalogs, SIMBAD, and the NASA Extragalactic Database. For sources
not previously known to be X-ray sources, nearly all (> 90%) of the proposed
identifications are consistent with X-ray to optical flux ratios from the Einstein
Extended Medium Sensitivity Survey. Only a small amount of optical observing
is needed to confirm these identifications, since 80% of the unidentified sources
are expected be brighter than V = 17.
We have searched radio catalogs (from the 6 cm 87GB and 90GB, the
Green Bank 20 cm, and the University of Texas 327 MHz surveys) to find possible
BL Lac candidates. These identifications will be confirmed by 22 hours of VLA
snapshot observations, which provide ~2 orders of magnitude improvement in
radio flux sensitivity over radio catalogs, and few arcsecond positional accuracy.
To help find optical counterparts, we have also searched digitized archives (the
Hubble Guide Star Catalog, the ROE/NRL UK Schmidt database, and the
University of Minnesota POSS plates).
We are developing statistical techniques to separate the correct counter-
part from confusing foreground sources. Since X-ray sources are often much
bluer than field stars, we are using the MIT/SAO HEAO-Al U — B plates, and
new multiband UBV observations at Las Campanas (with M. Donahue). In a
ROSAT A02 collaboration with J. Truemper of MPE, we obtained positions,
fluxes, and hardness ratios for all Slew Survey sources with ROSAT survey
counterparts. The factor of 3-10 improvement in positional accuracy over the
Slew Survey will greatly aid our identification effort, while the PSPC to IPC
flux ratios provide important variability and spectral information.
1
2 Data Products and Community Interest
Over 100 members of the community have expressed interest in using the Slew
Survey data. We continue to receive requests monthly, and have made the Slew
Survey data products available in a variety of ways. A CD-ROM issued by
SAO (Plummer et al. 1991) contains the full data on the individual photons in
the Slew Survey and the aspect solution file for each slew. (The CD-ROM was
funded not by this contract, but by the Einstein data center grant.) This enables
a user to derive fluxes and upper limits for any position on the sky covered by
the Slew Survey. The CD-ROM also contains more information on the source
detections.
The CD-ROM has also been incorporated into the Einstein On-line
Service, einline, which is accessible via modem or internet. In addition to the
CD-ROM, users can search the Slew Survey source list at specified positions
directly in einline. The Slew Survey source list can also be accessed and searched
by the NASA High Energy Astrophysics Archive Research Center (HEASARC).
Updated information on the Slew Survey is described in the semiannual HEAO
Newsletter, published by the SAO Einstein data center.
3 Scholarly Dissemination of Results
The basic techniques used to construct the Slew Survey are given in Elvis et
al. 1992 (see attached preprint). This paper also contains a catalog of .positions
and optical and X-ray identifications. Our ongoing work is studying Slew Survey
source samples, and comparing to other existing complete samples. For example,
the Slew Survey AGN are 3 magnitudes fainter in My than AGN in the Palomar
Green Survey (Schachter et al. 1992; see attached). Low-luminosity are thought
to be the dominant contributor to the 2 keV X-ray background.
4 Slew Survey Bibliography and Discography
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Abstract
The Einstein Slew Survey consists of 819 bright X-ray sources, of which 636 (or 78%)
are identified with counterparts in standard catalogs. We argue for the importance
of bright X-ray surveys, and compare the Slew Survey to the ROSAT all-sky survey.
Also, we discuss statistical techniques for minimizing confusion in arcminute error
circles in digitized data. We describe the 238 Slew Survey AGN, clusters, and BL Lac
objects identified to date and their implications for logN-logS and source evolution
studies.
1 Introduction
1.1 Wanted: a Soft X—ray All—sky Survey
Before the ROSAT all-sky survey (RASS), no all-sky survey in soft X-rays was ever
performed. For example, the well-known Einstein Extended Medium Survey (Stocke
et al. 1992; see also Maccacaro in these proceedings) covers only ~2% of sky. All-sky
surveys preferentially detect bright sources, owing to the large observed solid angle
and the rarity of bright sources. The lack of survey information means that in the soft
X-ray band we paradoxically know more about faint sources than bright ones.
This has hampered our understanding of extragalactic X-ray sources. At
present it is necessary to compare Medium Survey results with those of the HEAO-
A2 Piccinotti et al. (1982) sample in order to reach AGN with high fluxes and low
redshifts. Yet the normalizations of the soft X-ray and hard X-ray logN-logS are
known to be in disagreement from a Ginga fluctuations analysis (Warwick & Stewart
1989).
1.2 Benefits of Soft X-ray Surveys
The steep luminosity function of AGN (meaning emission-line objects only) means
that low luminosity AGN (e.g. Seyfert nuclei) are likely to provide a major part of
the AGN contribution to the diffuse X-ray background (Schmidt & Green 1986). Yet
optical color-selected samples (e.g. the Palomar Bright Quasar Survey; Schmidt &
Green 1983) are incomplete at low luminosities (My > —23) because of dilution by
host galaxy starlight. New X-ray-selected samples can be far more complete down to
significantly lower luminosities (My ~ —18).
The second most important component in the 2 keV background is thought
to be clusters of galaxies. Clusters have recently been observed in X-ray surveys to
undergo negative luminosity evolution with redshift, i.e. there appear to be few high-
redshift, high LX clusters in hard X-ray samples (Edge et al. 1990). and the Medium
Survey (Henry et al. 1991, preprint). The uniformly selected, unbiased cluster samples
of a soft X-ray all-sky survey can be used to compute a luminosity function to compare
with existing data.
1.3 IPC Surveys vs. the ROSAT Survey (RASS)
For a decade now X-ray logN-logS studies have been dominated by results from the
Einstein IPC, a well understood instrument studied at the Deep (Primini et al. 1991)
and Medium Survey flux limits. The energy range of the ROSAT PSPC is significantly
lower than that of Einstein so that obscuration, both Galactic and intrinsic, is even
more significant; thus, the population of sources ROSAT will detect will be biased
toward softer spectra. These difficulties will enlarge the ambiguities in explaining the
diffuse x-ray background since its spectrum is only well determined at energies well
above the ROSAT energy range.
A tremendous effort is going on to identify ROSAT survey sources with optical
counterparts. A master list of ~50,000 X-ray sources and positions has been prepared,
but identification of all Medium Survey flux limit sources will require, plausibly,
several years of optical observing and data analysis (see, for example, Bade in these
proceedings). In the interim before the ROSAT survey becomes available, we need a
survey to answer the important questions outlined above. For these reasons, we used
IPC data to construct an all-sky survey: The Einstein Slew Survey (see below). Of
course, when the ROSAT all-sky survey is fully identified, it will become a treasure
for X-ray astronomy into the 21st century.
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Figure 1: Spectrum of the serendipitous
V = 16 Slew Survey CV 1ES1113+432,
obtained at MDM 1.3 m. Shows strong
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2 The Slew Survey
2.1 Overview and Source List Revisions
The Einstein Slew Survey is an all-sky survey constructed from 2799 individual slews
of the IPC, and covering 50% of sky at an exposure of 6 s (Elvis et al. 1992). J It
contains 819 bright soft X-ray sources ( £ 3 x 10~12 erg cm~2 s"1, 0.2 - 4.0 keV)
with a positional accuracy of 1.2' (90% confidence radius), of which 317 were not
previously known to emit X-rays. The flux limit is ~10-20 times higher than the
Medium Survey. All the Slew Survey photon data, useful lists, and software tools are
available either on CD-ROM (from the Einstein Data Products Office at CfA; email:
edpo@cfa.harvard.edu) or via einline (telnet zahpod.harvard.edu, or 128.103.40.204;
login as "einline").
Sources were detected by a percolation algorithm, which is more efficient than
traditional methods (e.g., sliding box) for a spatially sparse data set. For each
detection, we calculated a Poisson probability that the distribution of photons is
produced randomly (PTand)- Initially we adopted logPran(/ = —3.95 as a threshold,
which gave the list of 1067 sources on the CD-ROM. A much lower than expected
percentage (60%; expected 80%-90%) of Slew Survey sources with RASS counterparts
(with J. Truemper, T. Fleming, and W. Voges) led to a careful Slew Survey data re-
analysis. The Slew/RASS comparison also provides important variability and spectral
information, as will be detailed in a future paper. We subsequently have rejected as
unreliable ~25% of sources, mainly with high Prand and low numbers of counts (3-5;
details in Elvis et al. 1992).
2.2 New X-ray Identifications of Catalogued AGN and Clusters
Almost 80% (636) of the Slew Survey sources now have counterparts in standard
catalogs, from positional coincidences only. There are 136 new identified X-ray
sources (catalog counterparts with new Slew X-ray detections), which we have begun
confirming via optical observations. We have independently checked the assigned
optical counterpart type (e.g. AGN, BL Lac) of the new identified sources by comparing
their X-ray to optical flux ratios with those expected from the Medium Survey (Stocke
et al 1992). Most (84%) of the proposed counterparts have acceptable values of
'Due to the imminent publication of the Slew Survey Ap.J. Supplement paper, we will focus here
on results not discussed there.
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Figure 2: Redshifted MDM 1.3 m spec-
trum of the serendipitous Slew Survey
AGN 1ES1817+537 (z = 0.08). Ex-
hibits Balmer emission (Ho, H/?, H7) and
weaker O III AA4959, 5007. 4500 "5000 5500 6000 6500 7000
fx/fopt', the apparent disagreement for the remainder is may be caused by stars flaring
in the Slew Survey, and AGN previously catalogued as normal galaxies.
Spectroscopy at the MDM 1.3 m has confirmed 17 counterparts and ruled
out 8 others. The brightest Slew Survey source, at 10 IPC cts s"1 (or ~ 3.26 x
10~10 ergs cm~2 s"1, 0.2-4.0 keV), is a serendipitous V = 16 CV (Figure 1). We
also find 2 serendipitous AGN (1ES2137+241 at 2 = 0.05, and 1ES1817+537 at
z = 0.08; Figure 2), and reclassify the catalogued normal galaxy ESO 509-14 as
an AGN (z = 0.05). Echelle work by S. Saar at the McMath 2.5 m has discovered
stellar activity in bright, previously catalogued normal stars.
There are 124 Slew Survey sources with counterparts in catalogs of AGN, of
which 9 are new X-ray sources. We expect to get a total sample of 240-250 AGN
when the Slew Survey is fully identified. To date, the highest redshift AGN in the
Slew Survey is 4C 71.07 (= S5 0836+710; z = 2.2), a ROSAT AO2 PSPC target.
The identified Slew Survey AGN to date are compared with the Palomar Bright
Quasar Survey sample in Figure 3. Clearly, the Slew Survey can detect sources at
least 3 magnitudes fainter in Mv, showing the efficiency of detecting low-luminosity
AGN. Plotting the Slew Survey and the Medium Survey AGN on a similar graph (not
shown) shows that the two samples can be readily combined to sample a large range
of luminosity-redshift space.
Figure 3: Redshift-V magnitude dis-
tribution for the Palomar Bright Quasar
Survey (O's), and for identified Slew Sur-
vey AGN to date (X's). The broader
distribution in V magnitude for the Slew
Survey AGN is a consequence of the X-ray
selection. The Slew Survey AGN are seen
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We find 11 new X-ray clusters, of a total of 79 identified dusters; we expect
160-170 clusters in the completely identified Slew Survey. The new X-ray clusters are
all high z (or large £>), i.e. z >, 0.1, and also high LX, £ 1045 ergs s"1. If this trend
continues for the entire new X-ray cluster sample, it would contradict the negative
evolution found in other surveys, suggesting that the apparent evolution is due instead
to selection effects.
3 AGN Identifications from Digitized Plate Data
3.1 Expected Optical Magnitudes
Most of the 183 sources with no counterparts in standard optical catalogs are
expected to be relatively bright. Using the known fx/fopt values and expected source
distribution (Stocke et al. 1992), we can divide the sources into 3 groups by expected
V-magnitude range: (i) V < 15. This group, containing 37% of the unidentified
sources, is dominated by KM stars, (ii) 15 < V < 17. This group is dominated by
AGN with some clusters as well. It accounts for 43% of the unidentified subset, (iii)
17 < V < 19. The smallest of the three groups (20%), this has arguably the most
interesting objects—BL Lacs and faint clusters. It is necessary to search digitized .
plate data to find possible counterparts of these sources.
The digitized plate data we considered are the Hubble Guide Star Catalog
(GSC; mv < 15), the POSS plates (mE < 22, mo < 21), and the southern UK
Schmidt plates (mB(j) < 22). We concentrated on the GSC, since 90% of the
sources with no counterparts in standard optical catalogs have GSC counterparts.
This concentration also reflects issues of timing. As of 1991 October, the POSS plates
are in the process of being scanned at the University of Minnesota, while querying the
UK Schmidt database is an ongoing project at NRL.
3.2 Likelihood Techniques
To compensate for confusion (~ 7 x 102/sq. deg. at the GSC limit), we calculate the
likelihood of a positional coincidence relative to background—the likelihood ratio (e.g.,
de Ruiter, Willis, & Arp 1977)—using source count estimates (Bahcall & Soneira 1980
and Tyson & Jarvis 1979). We are testing likelihood techniques to identify sources
in the Hubble Guide Star Catalog (GSC), using a subset of known identified X-ray
sources in the Slew Survey (mainly AGN and stars). Only 50%-60% of the known
sources match the GSC (i.e. within 1 mag). Intrinsic source variability, and poor
handling in the GSC of extended objects is probably to blame (e.g., Garnavitch 1991).
However, we can study the number of known sources which do not match at all as a
function of likelihood. From these, a threshold likelihood of 3 was adopted.
Applying the likelihood technique to the GSC, we find 57 new optical identifi-
cations of Slew Survey sources The dominant counterpart types are M stars (20, or ~
35%) and AGN (16), which if confirmed spectroscopically bring the total AGN count
to 140. We have begun to apply similar likelihood techniques to 103 digitized UK
Schmidt (ROE/NRL) and 20 digitized POSS (U. Minn.) fields.
4 BL Lacs and Future Work
We have identified 32 BL Lacertae objects to date, with 82 expected in the survey
when fully identified. In addition, we have isolated 62 possible BL Lacs, from X-ray
to optical and optical to radio flux ratios (Stocke et al. 1992). These will be observed
in short 3.5 min exposures (to ~0.2 mJy) during a January, 1992 VLA run, where the
greatly improved positions will confirm or deny the proposed optical counterparts. We
will also search the new southern 6 cm, 25 mJy survey (the PMN survey, currently
being reduced; A. Wright, priv. commun.), for BL Lac candidates. Currently, we are
studying IRAS to X-ray flux ratios as a way of separating different types of sources
(Green, Anderson, & Ward 1992).
To further combat confusion, we have obtained BVR photometry of 17 uniden-
tified Slew Survey fields at the Las Campanas 40" (with M. Donahue of MWLCO).
Optical counterparts of X-ray sources are often significantly bluer than field stars and
galaxies (e.g., Remillard et al. 1992). We will continue this work in Spring 1992 at the
CTIO Curtis-Schmidt.
This work was supported by NASA grant NAG5-1746 (ADP).
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ABSTRACT
A catalog of 1075 sources detected in the Einstein IPC Slew Survey of the
X-ray sky is presented; 554 of the sources were not previously known as X-ray
sources. Typical count rates are 0.1 IPC count/s, roughly equivalent to a flux of
3 x 10~12 erg cm~2 s~l. The sources have positional uncertainties of 1.2 arcmin
(90% confidence) radius, based on a subset of 452 sources identified with previously
known point-like X-ray sources (i.e. extent less than 3').
Identifications based on a number of existing catalogs of X-ray and optical
objects are proposed for 689 of the sources, | of the survey, (within a 3' error radius)
including 170 identifications of new X-ray sources. A public identification data base
for the Slew Survey sources will be maintained at CfA, and contributions to this
data base are invited.
Subject headings: surveys - catalogs - X-rays:general - X-ra.ys:stars -
quasars:general - BL Lacertae objects:general
1. INTRODUCTION
Sky surveys have always played a major role in astronomy. In the present
era in astronomy we are rapidly accumulating new sky surveys across the whole
spectrum. The advent of imaging telescopes has made X-ray surveys possible
that are comparable in sensitivity to those at other wavelengths. The Einstein
Observatory (Giacconi et al. 1979a) was the first imaging X-ray astronomy satellite
and many papers have reported on surveys of restricted regions of the sky made
using pointed observations taken with the Imaging Proportional Counter (IPC,
Gorenstein et al. 1981) on-board Einstein. (The 'Medium Survey' e.g. Gioia et al.
1990; the 'Deep Survey' e.g. Primini et al. 1991; Table 1). As a result we are in
the peculiar position in the soft X-ray band covered by Einstein (~0.2-3.5 keV), of
knowing more about the faint sources than about the bright sources. The limited
sky coverage of the Medium and Deep Surveys results in their having effective
upper limits to their sensitivity as well as lower limits since bright sources are rare
on the sky (figure 1; table 1). This limitation complicates logN-logS and source
evolution studies (Figure 1) since for bright source counts we have to refer to the
hard x-ray surveys, usually to the Piccinotti et al. (1982) HEAO-A2 survey which
covered the 2-10 keV energy band. For example, Schmidt (1990) has emphasized
how the Piccinotti et al. and the Medium Survey source counts are in contradiction
for AGN and clusters of galaxies (although evolution may explain these problems,
Gioia et al. 1990). What is needed is a logN-logS with the same instrument over
the whole x-ray flux range. A survey of the bright sources in the soft x-raj- range is
thus important and only a survey covering most of the sky can find the relatively
rare bright sources. A survey using the same instrument as used for the Einstein
Medium and Deep Surveys would greatly simplify interpretation. Samples of bright
sources selected uniformly by their X-ray properties are also valuable for follow-up
detailed work with other instruments, e.g. ROSAT, ASTRO-D.
We have constructed a survey of the sky with the Einstein IPC using the
'Slew' data taken when the satellite was moving ('slewing') from one target to the
next. By co-adding all these slews we have achieved a useful sensitivity over a
large solid angle, some 50% of the sky. The main properties of the Einstein IPC
Slew Survey are given in table 2. Because it was not clear that this survey could
be constructed successfully it was not attempted earlier. The resources needed to
process the data were large, making the effort too large for the uncertain payoff.
Computer processing power and on-line storage capacity have grown by orders of
magnitude in the last few years so that it is now possible for projects of this size
to be carried out experimentally by a small team relatively quickly, and thus at
low risk. This paper describes the Einstein Slew Survey and presents the resulting
catalog of X-ray sources.
The complete information content of the Slew Survey is more than the source
catalog. A CD-ROM issued by SAO (Plummer et al. 1991) contains the full data
on the individual photons in the Slew Survey and the aspect solution file for each
slew. This enables a user to derive fluxes and upper limits for any position on the
sky covered by the Slew Survey. The CD-ROM also contains more information
on the source detections, (see 'lists/unix/srcs.lis', 'lists/vms/srcs.lis' etc.). The
CD-ROM is available from SAO (send requests by e-mail to the Einstein Data
Products Office, edpo@cfa.harvard.edu), or via the Einstein On-Line Information
System, em/me (Harris et al. 1991).
2. DATA SELECTION
For the survey we selected all the data taken while the Einstein satellite was
slewing with the IPC at the focus ('SLEW mode data- hence the survey name).
Only the IPC data is valuable for this survey. Table 3 compares a 'figure of merit' for
this type of work for the four focal plane instruments on Einstein. The combination
of wide field of view, high quantum efficiency, and large fraction of time in the focal
plane combine to make the IPC over 100 times more valuable than the next most
useful instrument, the HRI. Only slews for which IPC targets lay at each end were
used (i.e. no instrument changes during the slew). Also only slews in which which
data dropouts were small (< 1 major frame, 40.96 s) were included. This gave 2799
useful slews with a total instrument on-time of 1.0 million seconds of data, and 2.6
million photons.
All photon events were accepted: unlike the processing of the pointed data no
Sun/Earth angle or pulse height event (PHA) screening was made. Screening proved
unnecessary for most of the survey since its purpose is to reduce the background,
which is negligible for the short exposures in the Slew Survey. In processing we
omitted photons from regions near the IPC 'ribs' (features produced by the window
support structure of the IPC, Harnden et al. 1984), and near to the edges of the
detector. Edge photons are not processed in the standard, pointed, data either.
Figure 2 shows the exposure map for the Slew Survey. The concentration of
exposure near the ecliptic poles is clear. This concentration occurs for all Earth-
orbiting satellites with fixed solar panels since one axis must point toward the Sun
and the satellite lies in the ecliptic plane. The spacecraft is then only free to rotate
along arcs of ecliptic longitude. There is lower than average exposure in parts of the
Galactic plane, because the IPC was turned off if it was expected to slew across the
brightest few sources, and these are concentrated in the Galactic plane. This was
a protection against detector gas breakdown that could be induced by too many
counts being detected in a small region. The Slew Survey thus has zero exposure
on the Crab Nebula. This policy was not always successfully followed and we do
have exposure on GX5-1, which was fortunate for our purposes since it allowed a
'proof-of-concept' at an early stage (figure 3).
Figure 4 is an exposure histogram showing the fraction of the sky covered to
a given exposure depth. From this, and the logN-logS of the Medium Survey (Gioia
et al. 1990) one can predict that the Slew Survey will contain of order 1000 sources,
which in fact is a quite accurate prediction.
3. ASPECT SOLUTION
The key to producing a Slew Survey is to solve for the pointing position of
the satellite with time as it slews across the sky (the 'aspect' or 'aspect solution').
To determine the Einstein aspect during slews it was necessary to use the on-board
gyroscope rate data ('gyro data'). The on-board star trackers, which are the primary
means of providing the aspect solution for the pointed observations, could not be
used since the satellite moved some 5-6 ' during a single readout interval (1 minor
frame = 0.32 s, the standard minimum read-out interval for a NASA mission), while
the star trackers could only follow stars at rates of <2 arcminutes s"1 (Koch et al.
1978).
At any time during the mission three of the six gyros in the gyro assembly
were operating. Each gyro yields a spin rate every minor frame, and the gyros
are oriented so that any set of three will give sufficient information to determine
rotations about the three spacecraft axes. The existing calibration of the gyro rates
to rotation rates was designed only to be accurate enough to bring the spacecraft
to a direction where the star trackers, with their ~ 2° field of view, could acquire a
field. Accurate pointing depended on the star trackers.
To use the gyros alone for deriving a Slew aspect required that the existing
calibration be checked, and modified to give solutions accurate at the arcminute
level anywhere during a slew. Two things made this possible: (1) the level of
accuracy required is of order 1'—similar to the IPC point spread function—which
is some 30 times less demanding than for pointed observations; and (2) enough
well-positioned X-ray sources are known which are bright enough to be detected in
a single slew. These sources give us an internal check on the quality of our aspect
solution on several hundred individual slews, thus allowing a reliable Slew aspect
solution to be developed.
Figure 5 shows the initial offsets between the slew derived position and the
accurate positions for known X-ray sources in the HEAO-1 A3 (Remillard et al.
1991) and pointed IPC catalogs (2E; Harris et al. 1991) detected in individual
slews. The coordinates are oriented along and perpendicular to the slew direction.
Several features can be seen: There is a concentration of points near the origin,
implying that a good fraction of the time the gyro system does give good aspect
during slews; this concentration is however offset along the slew direction by ~3-5
' ; there is a 'tail' of poorly positioned sources along the slew direction; and there is
a 'halo' of poorly positioned sources extending to large distances from the central
cluster near the origin.
The offset of the central cluster is due to an ambiguity in the documentation
of the timing information. We determined empirically that the aspect data and
photon data sent in a single data packet (minor frame) refer to different times: the
photon data to the current minor frame and the aspect data to the preceding minor
frame. This is negligible in pointed mode but in Slew mode leads to the observed
offset.
The 'tail' of poor aspect slews we found to be due to the quality of the pointed
aspect at the start of the slew. The 'MAPMODE' star tracker aspect (where the
trackers send back the positions of all stars in the field) is not sufficiently reliable
(e.g. Harris, Stern and Biretta 1990a) and it is essential to go back into the pointed
observation until 'LOCKED' star tracker aspect is found. (In LOCKED aspect
the tracker records only the position of the chosen guide star.) Errors of a few
arcseconds in the starting position extrapolate to large errors when the spacecraft
slews through tens of degrees.
The cause of much of the spread seen in figure 5 is seen in figure 6a. This
shows the offset perpendicular to the slew direction as a function of position along
the slew path. The clear 'bow' shape arises naturally from a displacement of the
gyro assembly from its assumed orientation with respect to the spacecraft axes.
This offset can be illustrated by imagining a vector rotating 180° within a given
plane. This represents the actual rotation of the satellite. Now consider a second
vector parallel to the first vector at its original position. Rotate the second vector
within a second plane tilted slightly from the first plane such that they intersect
along the line of the vectors' original direction. The second vector represents the
rotation of the satellite as reported by the displaced gyros. The two vectors will be
coincident at the start and end of the 180° rotation, but will be offset in between,
reaching a maximum at 90°. The offset at 90° exactly equals the relative offset
of the two planes, and therefore the offset of the gyro assembly. By rotating the
gyro assembly axes according to the maximum observed offset the 'bow' distortions
in the derived positions can be virtually eliminated (figure 6b). A separate set of
corrections is needed for each set of gyros which indicates that the rotations are
not of the gyro assembly as a whole but of the individual gyros mounted in the
assembly. Errors in the assumed gyro orientations of a few arcminutes are entirely
negligible for pointed observations. The rotations for each set of gyros were fixed
and are given in table 4.
In addition the conversion from gyro spin rate to angular rotation is only
calibrated to a level sufficient for pointed operation. In the Slew Survey this
conversion is critical, and leads to errors when extrapolating the gyro solution over
large slew angles. We calculate the initial offset between the known, star-tracker-
derived, pointing position and the gyro-extrapolated position at the end of the each
slew. Each offset is measured as a small difference, 6, in R.A., Dec. and Roll angle.
Since we measure three £'s and can adjust the scale factors for three gyros there is
sufficient information to force this offset to be zero for each slew. The corrections
needed are of order 3'. We used the following procedure: using the initial offsets
we guess an appropriate trial scale factor for each gyro in turn. This leads to a
change in the three £'s for each of the three gyros. The resulting 3x3 matrix forms
a set of simultaneous equations which can be solved to give scale factors for each
gyro that will exactly set the £'s to zero. This procedure produces a sufficiently
accurate aspect solution, as determined, post facto by the identification process (see
§6). The scale factors, however, are mostly not systematic. This suggests that there
is a residual aspect error that could, if corrected, improve the Slew Survey aspect.
The solution may lie in treating the orientation of each gyro separately instead of
'rotating' the whole gyro assembly.
Finally slews having scale factor corrections larger than 2% were found to
introduce greater errors in position. In very short slews, for example, the aspect
became so bad that sources were distorted into smears that were not detected at all.
We simply excluded any slews for which we derived scale factor corrections larger
than 2% (8.6% of the total), leaving the total of 2799 useful slews.
The offsets of the Slew positions from the accurate positions of known X-
ray sources in the HEAO-1 A3 catalog (Remillard et al. 1991) and the Bright
Star Catalog (Hoffleit and Jaschek 1982) for the final set of corrected aspect slews
gave the offset diagram seen in figure 7a. The true reliability of the Slew Survey
aspect solution is better than is immediately apparent from figure 7a since false
identifications produce a significant 'background' at radii >3'. Figure 7b shows the
distribution of offsets from a false set of Slew Survey sources obtained by shifting
all the Slew Survey sources by 1° in R.A. Figure 7c shows a plot of the average
background due to false identifications plotted against the radial histogram of figure
7a. Subtracting this background rate implies a 90% confidence radius of order an
arcminute for the Slew Survey aspect. Figure 7d shows an integrated histogram
with the background subtracted which allows the derivation of confidence radii of
the reader's choice. We derive a 90% confidence radius of 1.2' and a 95% radius of
3'from figure 7d.
4. SOURCE DETECTION
The short exposures of the Slew Survey over most of the sky lead to an
expectation value of 0.1 photons in a standard 2.4' square IPC detection cell. Since
we expect ~1000 sources over the sky, approximately 99.996% of the 2.58 x 107
detection cells would be empty of sources. The 'sliding box' detection algorithm
used for the pointed data (Harnden et al. 1984) is thus highly inefficient for the slew
survey.
4.1 Percolation Algorithm
Instead we have developed a 'percolation' algorithm that tests each photon
for the presence of unusual numbers of near neighbors. Since there are only ~ 3 x 106
photons in the survey this takes a factor of ~ 50 fewer operations than the sliding box
method. The percolation algorithm is exactly analogous to the method described
by Huchra and Geller (1984) for the selection of groups of galaxies from the CfA
Redshift Survey (Bright galaxies, like Slew Survey photons, are sparsely distributed
on the sky) except that the Slew Survey contains only the two dimensions of
R.A. and Dec., and has no equivalent of the redshift dimension. The Slew Survey
percolation algorithm loops through every photon in the field and searches for other
photons within the percolation length. If another photon is found it is added to
the group and subsequently searched for neighbors. The process continues until no
more photons lie within a percolation length. Figure 8 describes the process in a
flowchart. These groups constitute our candidate sources for the Slew Survey. This
algorithm has the advantage of not being biased against extended sources as is a
sliding box (by subtracting a source-enhanced background). It does, of course, have
a surface brightness limit when the mean distance between source photons exceeds
the percolation length. A percolation length of 2' (~ double the FWHM of the IPC
point spread function) produced good results except in regions of high exposure
where the background began to become important (see below). All groups detected
by the percolation algorithm with fewer than three photons were automatically
rejected.
4.2 Exposure Map
It was then necessary to determine which photon groupings constituted
significant sources. This significance is highly dependent on the local background
and the distribution of exposure time around a source. Figure 9 illustrates some of
the difficulties. The contours are iso-exposure levels. Each field covers 30x30' and
the exposure map has a resolution of 1'. Detailed structure on the few arcminute
scale is evident. Because of the random nature of the slew paths there is no
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predictable structure to the exposure maps. Figure 9 also shows the individual
photons in the regions. Each frame is centered on a Slew Survey source which
illustrates that the size of the point spread function is comparable with the exposure
map structure. It is clear that the detailed exposure distribution in the surrounding
region must be calculated in order to compare the background from this region with
the number of counts detected in the 'source' region defined by the percolation detect
algorithm.
The exposure maps were generated from the aspect solution and the timing
gap records ('.tgr' files) for each slew ('HUT'). A template of the relative exposure
within the one degree IPC field of view was made including corrections for vignetting
and window support features ('ribs', Harnden et al. 1984) at the full 8" resolution of
the detector. The vignetting is a radial function which reaches 46% at the midpoint
of the side of the IPC; the regions affected by the ribs (which are 4' wide and roughly
20' from the center, parallel to the sides, see Harnden et al. 1984 for details) are set
to zero exposure. This map was then moved across the sky at the rate determined
by the aspect solution and effective exposure time assigned to one arcminute square
bins on the sky accordingly. For convenience the sky was divided into a set of 6.5°
square bins on 6° centers. No exposure was accumulated during times when the
detector was off, or data was not received for other reasons (e.g. telemetry dropout).
4.3 Source Probabilities
The Poisson probability of a collection of 'source' photons arising by chance
inside a source region centered on the percolation centroid can be calculated given
a local background. Source counts were derived by taking all counts within a 6' on
a side box centered on the centroid given by the percolation algorithm. Background
was estimated from two 'square annuli1 of inner side 6' outer side 12' and inner side
12' outer side 30' (background regions 1 and 2). The mean exposure times in the
source and the background regions were derived by averaging the one arcminute
bins of the exposure map. In the case where there were no background counts
we calculated the probabilities by assuming one background count. Otherwise, we
used background region 2 for background subtraction. The probability, PTand, was
determined for each candidate source. (On the CD-ROM Prand is called Prob2;
Probl, the same probability using the background region 1, was also calculated and
is listed on the CD-ROM.) The values of Prand order the candidate sources according
to their likely reality (small probabilities being more likely real). Prand does not by
itself tell us which sources to accept. For this we must define a threshold value of
4.4 Setting the Threshold Probability
Setting a threshold probability for source acceptance is a balance between
excluding too many real sources and including too many false sources. We adopted
two methods for determining an appropriate threshold. The first predicts the
expected number of sources based on Poisson statistics; the second checks the
reliability of the sources by the distribution of positional offsets for identifications
with optical counterparts.
We can predict the expected number of false sources. We first used the
distribution of single photon 'source candidates' since these are the least likely
to be real sources. Figure 10 shows a histogram of the number of single photon
candidates as a function of PTand- The histogram peaks at a probability of 0.5 where
the number of 'source' photons equals the number of background photons, which is
the most likely case. (Above a probability of 0.5 our sample will necessarily always
be incomplete because the percolation algorithm cannot include candidates with
zero counts in the source box.) If the probability calculation is appropriate to the
data then we should find that the number of candidate sources drops linearly with
probability. We show a straight line of slope 1 in figure 10 which was normalized
by setting the area under the line equal to the area under the histogram up to a
probability of 0.5. This normalization assures that the line intersects the histogram
at Prand ~ 0-5. Since the line fits the data well for about four decades in probability
we conclude that the Poisson probability is a good description of the data. This is a
conservative approach because we are assuming that the percentage of 'true' sources
within the total sample is essentially zero, whereas some single photon 'sources' will
indeed come from real sources.
We can then use this predicted distribution of false sources with the list of
'candidate sources' (those with three photons or more) to determine the number of
false sources as a function of PTand- The histogram of figure 11 shows the number
of sources detected as a function of PTand- The solid line was normalized as for
the single photon candidate sources to give the same area under the curve as the
histogram, up to Pr0n<f=0.5. The line then predicts the number of 'false' sources
included as a function of Prand- A convenient representation is given in figure 12
which shows the percentage of false sources as a function of the Prand threshold.
We selected a value of log(PTan<i} = 3.95 as our threshold. This criterion
yields a list of 1085 prospective sources with 21 false sources expected to be included,
~ 2% (see figure 12). If the statistics were Gaussian this would correspond to a
3.3cr threshold; but the highly asymmetric nature of the Poisson distribution for
such small numbers of counts makes the detections more significant that common
experience with 3cr results would suggest.
Figure 11 shows an excess of candidate sources even above our threshold
probability, implying the existence of many real sources up to quite high Prand,
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as one would expect. Some of these sources may be extractable by searching the
original Slew Survey data at a predefined set of positions such as those of an optical
catalog. This is possible given the software and data on the CD-ROM (Plummer
et al 1991).
The source list (see §6) gives the values of Prand for each source so that
readers may set more stringent thresholds if they wish. We believe that our visual
check (below) has probably removed of order half of the false sources.
An independent check on the level of confidence we can place in the final list
of sources is given by the following procedure. We have made identifications of all the
candidates against two catalogs of known X-ray sources that have positions known
to better than one arcminute- the Einstein IPC Catalog (2E, Harris et al. 1991)
and the HEAO-A3 Catalog (Remillard et al. 1991). Figure 13 shows the offset of
the Slew position from the known position in arcminutes for sources matched in this
way, against the probability of the source being a chance congregation of photons,
PTand • Extended sources, (clusters of galaxies, supernova remnants and all other
IPC sources with 'extent parameter' > 3') were excluded from this comparison.
It is clear from figure 13 that for small probabilities (Pra.nd < 10~6) almost
all the sources must be real since they are clustered at offsets of order the
aspect accuracy derived from individual slews. Similarly at large probabilities
(Prand > 10~3) there are a great number of false sources since they are distributed
nearly uniformly in offset. Our threshold Prand for accepting a candidate source as
real is clearly at a level where the fraction of identified sources lying within 2' of
the optical position begins to decrease rapidly, as one would expect from figure 11
where the fraction of false sources is low (>90%) until Prand ~ 10~4, and then rises
rapidly.
As a final check, two of us (M. E. and J. S.) visually inspected each of
the proposed sources for cases of dubious detections. A total of 10 sources were
eliminated in this manner. Of these 8 were rejected because photons from the outer
fringes of a bright source caused a spurious second detection; 2 were rejected because
the exposure gradients across the region were extreme and an isolated region of high
exposure led to a 'source'. A reliability index (1, 2, 3; 3 best) was compiled based
on the visual inspection (see §6).
In Figure 14, the fraction of objects within 2' of the correct position is plotted
against the probability of a source arising by chance. Note that the figure contains
an excess of sources near to zero offset even at Prand > 10~3 which is consistent with
figure 12. This implies that other real sources exist in the data. Searches of the
Slew Survey data base at given positions, defined a priori by e.g. a optical catalog
may give significant detections even if no source appears in this catalog. (Since the
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number of trials is small a lower significance threshold can be used.)
4.5 High Background and Extended Sources
As noted above in regions of high exposure the percolation algorithm did not
produce sensible results because the mean distance between background photons
became similar to the percolation length. Thus large areas of background were
included with sources, leading to large extended 'sources'. This tends to merge
sources together and leads to their systematic undercounting in these regions. We
dealt with this problem by selecting all sources with a maximum photon distance
from the percolation centroid of > 9'. We then reran the percolation algorithm with
a smaller percolation length, which normally resolved the problem. Figure 15 shows
how the galaxies M81 and M82 were initially included in a single source, but were
resolved by using a shorter percolation length.
We found that when Probl/Prob2 (defined in §4.3) is large ( > 103) the
source is extended, or that there are multiple sources within 15 arcmin. A visual
inspection of all cases with Probl/Prob2 > 103 was made (M. E. and J. S.). For
all such sources an 'Image Code' was assigned which notes extended sources larger
than ~15' (E), regions with multiple sources within 15' (M), and sources which are
a part of a larger extended source (P). Sources with acceptable Probl/Prob2 are
assigned the code 'A'.
Some sources are truly extended on this scale. Each extended source
was inspected visually, which we found to be an effective, but unfortunately
subjective, means of discriminating real sources from confusion with background.
This procedure added 33 sources and improved the positions of 78. A more
automatic means of changing the percolation length with the exposure to match
the mean free path between background photons needs to be developed. Some few
sources have extent of order degrees (e.g. the Cygnus Loop, Puppis A). Although
these are not included in our source catalog the data is on the CD-ROM. These
sources will be treated fully in a later paper (Schachter et a/. 1991, see also §7).
5. SOURCE PROPERTIES
Having produced a list of reliable sources we need to determine their
properties. The IPC gives information on positions, count rates, structure, and
pulse height (energy).
The reliability of the positions was established using known X-ray sources,
as described above (§3, figure 7c).
Count rates were derived from the 6' diameter box used for the probability
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calculation with background from background region 2 (see §4.3).
For extended sources (e.g. clusters of galaxies, supernova remnants, and those
labled 'E' in the source table) the count rates will clearly not be accurate. For most
of these a better count rate can be derived using the counts and exposure in the
6'-12' 'square annulus' surrounding the central detection cell (background region
1). This information is available on the CD-ROM version of the Slew Survey (see
'lists/unix/readme.txt', 'lists/vms/readme.txt.' etc.).
The count rates were checked for accuracy by comparing the Slew Survey
rates with those derived from the pointed IPC data for sources in common. In
figure 16a we plot the Slew Survey count rates as listed in this catalog versus the
pointed IPC count rates from the 2E catalog (Harris et al. 1991). There is a strong
correlation with a slight offset (a factor 1.19) toward higher count rates in the Slew
Survey. This is due primarily to our use of all 15 PI bins in the Slew Survey,
compared with the standard 2-10 used in pointed data. (The restricted range for
pointed data is used to minimize background, which is unnecessary in the Slew
Survey.) When we restrict the Slew Survey source count rates to the same PI bins
the offset is reduced to a factor 1.03, as shown in figure 16b. The source of this
residual offset is still under investigation. The errors on these count rates are non-
trivial to determine since both the background and the source counts are not in
the Gaussian limit and so do not add in quadrature. The problem of calculating
these uncertainties in the Poisson case has recently been investigated by Kraft et al.
(1991) and we have used their methods with software routines which they kindly
supplied to us. (Note that the uncertainties on the CD-ROM assumed Gaussian
statistics. Updated values can be obtained using em/ine, Harris et al. 1991)
Several measures of source extent were attempted. Large sources, >9'
diameter, are readily selected using the maximum distance of a source photon from
the percolation centroid. Smaller extended sources are clearly seen on the maps but
are not so easily characterized. We are continuing a search for an objective means
of classifying the size of sources.
The mean pulse height bin for each source was calculated from the photons
in the 6' box. The 'pulse height invariant' (PI) bins were used since they have a
first order correction to remove the effects of the variable gain of the IPC (Harnden
et al. 1984). (This variation changes the mapping of photon energy to pulse height
bin.) That an extreme ultraviolet source from the Wide Field Camera on ROSAT
(1ES1631+781) has a mean PI bin of 2 (on a scale from 1, low energy, to 15, high
energy) shows that the PI data carries useful information.
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6. SOURCE LIST
The Slew Survey source catalog contains 1075 sources. l Table 5 gives a
summary of the identifications made.
6.1 Table of Objects
Table 6 is the Slew Survey source catalog. The identifications suggested in
table 6 are discussed in the next section (§7). Table 6 has the following entries:
Column 1: SOURCE NAME. '1ES' stands for first Einstein Slew Survey
source. Coordinate names are based on the B 1950.0 position constructed from
hours,minutes±degrees,tenths of degrees, truncated according to the IAU conven-
tion.
Columns 2 and 3: POSITION. In B1950.0 coordinates, based on the percolation
algorithm centroid. Where noted positions have been refined by changing the
percolation length as discussed in §4.5. Errors on position are primarily systematic,
arising from the aspect solution. A 90% error radius of 1.2' and a 95% radius of
3.0' are estimated from figure 7d.
Column 4: COUNT RATE. Mean count rate in all PI bins (1—15). This is on
average a factor 1.19 larger than the standard IPC 'broad band' count rate (based
on PI channels 2—10) used in the 2E catalog (see §5). Counts are taken from a 6'
on a side box centered on the percolation algorithm centroid. Background counts
scaled for exposure and area from a 30' on a side box (background region 2) have
been subtracted. Errors represent a 1 a confidence interval. When total source
plus background in the source box had <100 counts the error bars are based on
a Poisson probability, distribution as computed in Kraft et al. (1991), which gives
asymmetric error bars. For sources with a larger number of photons a Gaussian
approximation was used.
Column 5; NUMBER OF PHOTONS (NP) in the 6' on a side box and NUMBER
OF SLEWS (NS) that contribute photons to the object. Other slews may have
passed over the source positions but yielded no photons.
Column 6: PROBABILITY, Pran<f. Probability of finding the number of photons
listed in column 5 relative to background region 2. Small numbers indicate a higher
chance that the source is real. Values of PTand < 1 x 10~10 are listed as equal
to 1 x 10~10. A threshold of log(Pranj) = —3.95 was used to generate the list of
accepted sources.
JThe CD-ROM contains 8 fewer sources due to a software bug which omitted a thin slice of R.A.
near 24h.
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Column 7: EXPOSURE. Total Slew Survey exposure time averaged over the 6' on
a side box used in column 3.
Column 8: MEAN PULSE HEIGHT bin. The average of the 'pulse invariant'
(PI, Harnden et al. 1984) channel numbers (1-15) for each photon, which coarsely
indicates the source spectrum.
Column 9: QUALITY CONTROL INDEX (Q) and IMAGE CODE (I). The Q (1,
2, or 3; 3 being highest quality) value is a visual estimate of the reliability of the
source. The IMAGE CODE highlights cases where Probl/Prob2 (defined in §4.3)
is large ( > 103), and which a visual inspection shows to be extended, or to have
multiple sources within 15 arcmin (see §4.5). The IMAGE CODE has the following
values:
A — Generally acceptable Probl/Prob2;
E — Extended source (> 15 arcmin);
M — Multiple sources within 15 arcmin;
P — Part of source (extended source existing in more than one field).
Columns 10 and 11: EOSCAT NUMBER, Einstein MEDIUM SURVEY MEM-
BERSHIP (noted by m), and OFFSET FROM EOSCAT POSITION (A2E). For
sources with counterparts in the 2E Catalog (Harris et al. 1991), we provide the
EOSCAT number and the difference between the Slew Survey and catalog positions,
in arc minutes. In addition, Medium Survey (Gioia et al. 1990, Stocke et al. 1991)
sources are noted with a letter m preceding the EOSCAT number.
Columns 12. and IS: HEAO—1 A3 COUNTERPART, EXOSATDETECTIONS
(noted by z), and OFFSET FROM HEAO—A3 POSITION (A1H). For sources
with counterparts in the HEAO—1 A3 catalog (Remillard et af.1991), we provide
the '1H' name and the difference between the Slew Survey and catalog positions, in
arc minutes. In addition, EXOSAT sources are noted with a letter z preceding the
1H name.
Columns 14—17: OPTICAL CATALOG (Cat.), OBJECT CLASSIFICATION
(Class.), COUNTERPART NAME (Name), and OFFSET FROM CATALOG
POSITION (AC). For sources with counterparts in (mainly) optical catalogs
searched to date (see below for catalog list and references), we provide the name of
the catalog, the classification (e.g., AGN), the counterpart name, and the difference
between the Slew Survey and catalog positions, in arc minutes. If the redshift or
stellar spectral type is known, it is listed after the object classification in column
15.
Composite spectral types in table 6 indicate a binary (or other multiple star
system). In general, we have tried to use the most common names of objects.
For cases in which two objects (most commonly an SAO star and an extragalactic
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object) were found in the same error box we compared their fx/f0 ratios with those
for the Medium Survey sources (Maccacaro et a/,1988). In most cases only one
of the objects was a plausible counterpart given these ratios. Cases in which more
than one object is a likely counterpart are indicated with asterisks, and noted below
(§7-3).
If the counterpart name is the same as the Slew name in column 1, and the
catalog is well known, only the catalog designator is listed in column 16 (e.g., PG,
EXO, 2E). Woolley names with letters A, B, ... indicate multi-star systems (e.g.,
WLY 127AB). For each of the newly discovered X-ray sources, we list all the names
known to us in Table 7.
Abbreviations for names of catalogs are:
2E—Second Einstein IPC Catalog ('EC-SCAT, Harris et al. 1991);
A3—HEAO—A3 Catalog (Remillard et al 1991);
ABL—Abell Catalog Abell Catalog (1958, Struble and Rood 1987) and Southern
Abell Catalog (Abell, Corwin, and Olowin 1989);
BMC—Bradt and McClintock (1983);
BSC—Bright Star Catalog (Hoffleit and Jaschek 1982);
EXO—EX OS AT Database of optical and other astronomical catalogs;
GCV—General Catalog of Variable Stars (Kholopov et al. 1985-1988);
HB—Hewitt and Burbidge (1986);
HD—Henry Draper Catalog (Cannon and Pickering 1918-1924);
MCS—McCook and Sion (1986);
MS—Einstein Extended Medium Sensitivity Survey (Gioia et al. 1990);
RNG—Revised NGC Catalog (Sulentic and Tifft 1973);
WFC—ROSAT Wide Field Camera (Cooke et al. 1991);
SAO—SAO Catalog (SAO Staff 1966);
SBD—SIMBAD database;
SHA—Shara (1990);
UGC—Uppsala General Catalogue of Galaxies (Nilsson 1973);
VV—Veron-Cetty and Veron (1987);
WLY—Woolley Catalog (Woolley et al. 1970); 2;
ZCT—CfA Redshift Catalog, Huchra (1990).














(XRB-Be)—X-ray binary (with Be star secondary).
6.2 Notes On Individual Objects
1ES0013+195: The error box also contains G 32 -7 (S:M4.5), but at V = 14 (cf.
13 for G 32 —6) it is an unlikely counterpart based on fx/fopt (Maccacaro et al.
1984).
1ES0100+405: The stars G132 -51B and G132 -51C are in the error box and have
acceptable fx/f0 ratios, although both (at V = 13.01) are 2.2 magnitudes fainter
than G 132 -51A.
1ES0120+004: Besides the star, the error box contains MCG +00-04-103, a 16th
magnitude galaxy which may be an AGN.
1ES0122+084A and B: Besides the cluster, the error box also includes the galaxy
UGC 977, which may be a previously unknown AGN.
1ES0237-531: The error box also contains SAO 232842 (S:K5), which at V = 8.3
is 0.9 magnitudes fainter than HD 16699.
1ES0255+128: Besides the cluster, the error box also contains the galaxy UGC
2438, another possible AGN.
1ES0305-284: The error box also contains LTT 1477 (S:M3), but this source has
V = 14.0, and can be ruled out by fx/f0pt arguments.
1ES0315+681: The error box also contains SAO 12702 (S:MO).
1ES0316+413: Besides the cluster, the error box also contains the AGN NGC 1275,
a known X-ray source.
1ES0429+130: The error box also contains HD 286839 (S:KO).
1ES0538-019: In addition to HD 37742, the brightest in the field (V = 1.75), the
field also has HD 37743 (S: BOIII; V = 4.2) and BD-02 1338C (V = 10.0).
1ES0702+646: Other than the AGN, the error box contains SAO 14073 (S: GO).
1ES0716—248: The error box contains a substantial portion of the globular cluster
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N2362, of which HD 57061 is the brightest star (at V = 4.32). There are more
than 30 other possible counterparts, ranging from V = 8.12 to V = 13, with known
spectral types B2—AO.
1ES0924+232: In addition to the galaxy, there are at least 3 other galaxies in the
error box. One of these, 0924+2312, has similar redshift (GAL:0.021) to U5037. The
others are 1C 0538, MCG +04-22-055, MCG +04-22-059, and MCG +04-22-260.
1ES0953+693: The error box also contains 0953+6917, a B = 13.7 galaxy which
may have an active nucleus.
1ES1035—268: Error box contains the compact group HCG 048, which includes the
galaxy counterpart.
1ES1101+384: The error box contains two identifications based on the 2E catalog:
Mkn 421 (BL), and 51 UMA (S: A3), but the latter is 2.1' from the 1ES position.
Mkn 421 is a well known source at high energies (REF) and is clearly the preferred
identification based on an HRI position (from emJine)).
1ES1215+039: The source is a double galaxy.
1ES1254-172: The error box also contains 1254-1711 GAL:0.049), a possible AGN.
1ES1259+289: The error box also contains 1259+2857 (GAL-.0.030), a possible
AGN.
1ES1301-239: Error box also contains A3541 (CG).
1ES1351+695: Error box also includes MCG12.13.24 (AGN: 0.031). With V = 17
MCG12.13.24 is a marginally acceptable candidate based on fx/fopt (Maccacaro
et al. 1984). Mkn 279 is the preferred identification based on an HRI position (in
etn/me).
1ES1503+017: The counterpart, N5486, is part of a galaxy pair with the fainter
N5486A (GAL: 0.007).
1ES1507-076: Error box also contains MKN 1394, a possible AGN.
1ES1549+203: There are two acceptable identifications: LB 906 (AGN), and SAO
084044 (S: GO), but the latter is 1.6' from the 1ES position.
1ES1602+178: The UGC counterpart is a galaxy pair. In addition, the error box
contains an NGC pair at z ~ 0.035 and a Zwicky triple at z = 0.038.
1ES1702+457: The error box also contains two galaxies—1702+4544A (G AL:0.061)
and 1701+4544B (GAL:0.007).
1ES1704+545: Triple system (with WLY 9584B, F6V; Wool 9584C).
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1ES1706+787: The error box also contains a Zwicky triple (1706+7842), and
another Zwicky galaxy.
1ES1714+574: Error box also includes NGC 6345 (GAL), 2.7' from the 1ES
position.
1ES1731-325: Error box also includes HD 159176 (S:06V+O6V), possibly a member
of the globular cluster.
1ES1753-290: The error box also contains HD 163247 (S:FOV).
1ES1821+643: Error box also includes Kl-16 (WD: DOZl), which had an EXOSAT
detection, (1.2' from the 1ES position). However, the PI bin value (= 6) suggests
that the AGN is the correct identification, since white dwarfs typically have a mean
PI bin of 2 (Schachter et a/,1991, in preparation).
1ES1914+092: Error box also includes SAO 124466 (S: FO).
1ES1928+233: Other then the infrared source, the field contains HD 344462 (S:F5)
and HD 344461 (S:AO).
1ES2247+106: Other than the cluster, the error box also contains MCG 2-58-21, a
16th magnitude galaxy which is possibly an AGN.
1ES2311-430: The error box also contains 2311-4300 (GAL:0.056), with the same
redshift as the cluster, a possible AGN.
7. IDENTIFICATIONS
Identifications of Slew Survey sources with known X-ray sources have played
an important role in producing this catalog (as detailed in §3). Identifications
with other, primarily optical, catalogs are also useful in providing a final check
on the reality of the sources and the accuracy of the derived positions. All
the identifications with counterparts presented here come from searching 3' fields
centered on the Slew Survey positions, based on the 95% confidence radius estimated
in Figure 7d. 554 (52%) of the Slew Survey sources are new as X-ray sources, and
689 (66%) have been identified with optical catalog sources, including 170 (16%) of
the new X-ray sources. Few of these are likely to be chance coincidences since a 3'
radius search circle gives ~ 5 x 106 independent bins on the sky. Thus, assuming
that all the objects are randomly distributed, for the ~1000 Slew Survey sources
only about one in 5000 objects will accidentally associated with a catalog object.
Most catalogs contain fewer sources than this, so one chance coincidence or less per
catalog is expected. The SAO catalog (with ~100,000 entries) is an exception. A
detailed examination of the identifications and their reliability will be presented in
a forthcoming paper (Schachter et al. 1991).
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In the case of extended objects, especially supernova remnants and clusters of
galaxies, this technique may fail to identify some objects. A solution to this problem
is to increase the search radius systematically while also checking for any duplicate
counterpart identifications. A preliminary analysis suggests that increasing the
radius to ~ 5-15' gives ~ 20%-30% more supernova remnant and cluster candidates.
We are presently extending the identification program to handle the extended
sources in more detail, and also to include the IRAS survey (including both the
Point Source Catalog and the Faint Source Catalog), the HST Guide Star Selection
System catalog, and the radio 87GB and UT 327 MHz surveys. Optical magnitudes
for candidate identifications in all fields are being obtained from digitizations of the
Palomar and UK Schmidt surveys. An on-line data base of identifications will be
maintained at CfA, accessible remotely through the einline system . To allow for
detailed follow-up, we will make available an on-line ascii version of the source
identification list, which will be updated periodically. We welcome contributions to
this identification list, which will be referenced in the database.
7.2 New Identified X-ray sources
Table 7 contains a list of the 170 new X-ray sources with optical identi-
fications by object class. By a new X-ray source, we mean a Slew Survey source
undetected in the EXOSAT, pointed IPC (Harris et al. 1991), or HE A O-AS (Remil-
lard 1991) catalogs within 3' of the Slew position. Some sources may not be in these
catalogs, yet be detected in other X-ray missions (e.g., HEAO-A2, Uhuru, Ariel
V). Therefore, we inspected other comprehensive X-ray source compilations (e.g.,
Bradt and McClintock 1983 ; Kowalski et al. 1984). Three (~3%) of the candidate
new identified X-ray sources were eliminated in this manner: the X-ray binaries
4U1755-338 and AQL X-l (4U1908+005), and the cluster A2315 (a HEAO-A2
source).
The entries in Table 7 are grouped by object type—AGN, galaxies, clusters,
white dwarfs, and stars—while the stars are further subdivided as in Table 5 [active,
binaries, early type (OBA), late type (> F), unknown type]. The first column gives
the 1ES (First Einstein Slew Survey) name of the object. If the redshift or stellar
spectral type is known, it is indicated in column 2. We list in column 3 the common
name of each object, including only a catalog designator such as PG for common
catalogs, if the coordinate name is the same as in the 1ES name. An asterisk
following the object name signifies an uncertain identification (see §6.2). Column 4
lists alternate names of the object, if any.
Based on their txfiopt ratios in comparison with the values given for Medium
Survey sources by Maccacaro et a/., we expect that the new 'galaxies' are previously
unknown active galaxies, primarily Seyfert galaxies.
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8. PROPERTIES OF THE SLEW SURVEY
The Slew Survey contains 1075 sources, which are concentrated toward the
ecliptic poles (figure 17). Half of these sources are newly discovered as X-ray sources.
This is the largest list of sources from any 'all-sky' x-ray survey to date.
The range of source fluxes complements well that of the Medium Survey
(Gioia et al. 1990, figure 1): there are similar numbers of sources in each survey;
they each cover about a decade of flux with excellent statistics; and the Slew Survey
sources are on average ten times brighter. The uniform selection of the Slew Survey
sources by soft x-ray emission will allow the formation of well-defined samples of
most classes of x-ray emitter: Stars, CVs, AGN, clusters of galaxies, and BL Lacs.
Some regions of the sky have especially favorable coverage. The Cygnus Loop
has ~150 s exposure, which produces an image with over 100,000 photons (figure
18). Of more general interest is the North Ecliptic Pole region (figure 19) which
has between 30 and 100 seconds exposure. In the region within 10 degrees of the
Ecliptic Pole 21 sources can be seen, illustrating the ability of the Slew Survey to
detect new 'serendipitous' sources.
Two examples of the uses of the Slew Survey samples are given below, one
for quasars the other for BL Lacs:
(1) The steep luminosity function of AGN means that low luminosity AGN
(i.e. Seyfert galaxies) are likely to make up a major part of the AGN contribution
to the diffuse x-ray background. Yet most optical studies cannot treat these AGN
because the host galaxy leads to fuzzy images and dilutes the AGN colors, both
of which effects produce uncertain levels of incompleteness in the samples. Thus
Schmidt and Green (1983), for example, could not extend their luminosity function
fainter than Mv = —23. The Slew Survey will give a bright AGN survey, similar to
the Palomar Bright Quasar Survey ( BQS, 'PG', Schmidt and Green 1983), but with
the advantage that it is free from the problem of galaxy starlight contamination.
AGN will be seen down to My ~ —20 up to z~0.1, complementing the Medium
Survey which reaches a similar absolute magnitude but has few AGN at z<0.1.
The Slew Survey may also be a good means of finding high luminosity quasars of
moderate redshift since, being rare, they require large sky coverage to be detected.
Another problem, the dependence of AGN evolution on the unknown spectrum of
the sources (Elvis et al. 1986, Tananbaum et al. 1986), can be removed empirically
by using the Slew/A-2 flux ratios.
(2) There is a peculiar break in the x-ray logN-logSfor BL Lac objects, which
may be related to relativistic beaming in these sources (Giommi et al. 1991) or to
cosmological evolution (Wolter et al. 1991, Morris et al. 1991). The flux region
of the break is not presently well-sampled. This is the range covered by the Slew
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Survey. Recent x-ray surveys (Stocke et al. 1989) have clearly demonstrated that
x-ray selection is currently the best method of discovering BL Lacertae objects. For
the flux limit of the IPC Slew Survey a uniform, x-ray selected, sample of ~100
objects will be detected (and identified through our ongoing program to identify all
Slew Survey sources) in the high Galactic latitude sky. This compares with a total
of 87 BL Lac objects, selected by all methods, in the Hewitt and Burbidge (1987)
Catalog. There are about 40 known x-ray selected BL Lacs. All x-ray selected
BL Lacs are radio-loud (Stocke et al. 1989) and have well-defined and distinct x-
ray/optical/radio flux ratios (Giommi et a/., 1991). This tight aRo/aox distribution
implies that the BL Lacs in the Slew Survey will have radio flux densities in the
range 50-80 mJy. This, when combined with the correlation between radio and
optical fluxes, gives an expected my in the range 18-19 for the faintest objects.
The three fluxes alone are sufficient to select a large sample of BL Lac objects for
further study.
Identification of the unidentified Slew Survey sources should be relatively
easy since they are all bright. We can estimate their optical magnitudes using the
nomogram constructed for Medium Survey sources (Maccacaro et al. 1988). The
typical AGN will be at V ~ 16m and the faintest M dwarfs will be at ~ 14m.
This is 2-3 magnitudes brighter than the the Medium Survey identifications and
our error circles have only ~5 times their area, so the typical number of possible
optical candidates, and possible spurious counterparts, will be few. Many of the new
sources will also show up in the IRAS (IRAS 1988) and Green Bank (Condon and
Broderick 1989) surveys. We will use the Minnesota POSS (Humphries 1988) and
Edinburgh UK Schmidt digitizations to derive the bulk of our optical magnitudes.
In this way relatively few new optical observations will be needed to make the
remaining identifications.
We have not constructed a logN-logS for the Slew Survey in this paper. This
obvious step is in practice quite difficult to do properly. The uncertainty on the
count rates in the survey are mostly large, so that the 'Eddington Bias' is large.
This is the effect by which sources below the formal flux threshold are detected while
sources above the threshold are missed due to flux measurement errors. A simple
flux threshold thus cannot be readily defined. Since the logN-logS is steep (Gioia
et al. 1991) more sources will enter the survey than will drop out, systematically
distorting and steepening the observed logN-logS at low fluxes. A proper treatment
requires detailed simulations of the procedures used to produce the survey source
list and we defer this to a later paper.
9. CONCLUSIONS
We have presented a survey of the sky in soft (~0.1-3.5 keV) X-rays
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containing 1075 sources. New, well-defined, samples of bright X-ray sources can
be derived from this survey for many object types. The survey has a limiting flux
a few times fainter than the largest previous all sky survey in X-rays (HEAO-A1,
Wood et a/., 1984) which took place in the ~2-10 keV band, and a factor ~10
brighter than the typical sensitivity of the ROSAT survey which covers the 0.1-2
keV band.
It is fair to ask what the value of the Slew Survey is in the context of the
much larger and more sensitive ROSAT survey (Trumper 1991). This question has
several answers: first the Slew Survey makes available rapidly a large number of
new bright X-ray sources suitable for follow-up study with ROSAT (and, in a few
years, with ASTRO-D); second virtually all of the existing faint source X-ray work
has been carried out with IPC-selected sources as part of the Einstein Medium
Survey (Maccacaro et al. 1988, Gioia et al. 1990) and the Deep Survey (Giacconi
et al. 1979b, Primini et al. 1991), so that a comparison sample of bright identified
sources selected with the same instrument can be put to use at once for source count
and evolution work, without ambiguities due to different detector characteristics;
thirdly a comparison of Slew Survey sources with ROSAT survey sources will allow
the selection of unusual objects having extreme variability and/or extreme spectra;
and finally the energy band of the Einstein IPC extends to significantly higher
energies than that of the ROSAT survey, so that it will continue to be valuable (e.g.
for the selection of hard X-ray sources) even when the ROSAT survey is published.
The large amplitude variations in exposure on a few arcminute scale in the
Slew Survey mean that it is not possible to derive upper limits for arbitrary positions
on the sky from the present catalog. We are preparing two methods to allow this
- an on-line service will be added to einline (the Einstein On-line Service, Harris
et al. 1990); and the original, aspect corrected, slew data is available on a CD-
ROM as part of the SAO CD-ROM series of Einstein Data Products (Fabbiano
1990). This CD-ROM also allows timing, spectral and structural information to be
extracted from the Slew Survey via standard X-ray data reduction packages (e.g.
IRAF/PROS, MIDAS).
The Slew Survey presently has only coarsely known completeness as a
function of source flux. A program to derive accurate sky coverage and source
detection efficiencies as a function of source flux and extent is being initiated.
This will allow the derivation of statistical population properties such as luminosity
functions from the Slew Survey.
We are pursuing a program of identifications for all Slew Survey sources. This
is initially based on existing archival data and catalogs in an attempt to minimize
the amount of optical observing needed. A first paper on these identifications is
in preparation (Schachter et al. 1991). We shall maintain a data base of these
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identifications as part of the on-line einline system for general use. We welcome
any contributions to these identifications. The on-line data base will include a
reference for the source of each identification. We ask that any publication using
this information reference its source as listed in the on-line system.
We have received many requests for information on sources in the Slew
Survey. As a result we are forming working groups for astronomers interested in
pursuing an interest in the active galaxies and quasars, and for the BL Lacs in the
survey. The aim of these groups is to exchange information and prevent unnecessary
duplication of effort, not to direct anyone's research. Anyone interested in joining
one of these groups or in forming another should send e-mail to the Slew Survey
Project (slew@cfa.harvard.edu, cfa::slew). The Einstein Slew Survey data are part
of the Einstein data bank. As such they are part of the NASA Astrophysics Data
Program and are available to all interested parties.
There exists some 50% more slew data in the Einstein data bank than was
used for the present survey. These were originally rejected because it had problems
that would have complicated this first analysis, primarily long data dropouts that
make the extrapolation of the gyro aspect solution less certain. Our experience now
suggests that this problem can be overcome and we hope to include this data in
constructing a second 'definitive' Slew Survey, which should have roughly double
the number of sources.
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TABLES








f/L(uPPerC) */*m(lower) no- sources
~ 7 x ID'14
~ 5 x ID"12
~ 1 x 10~9
~ 4 x 10-14
~ 2 x 10~13





Primini et al 1991
Gioia et al. 1990
this paper
a. Square degrees (59°).
b. erg cm"2 s"1.
c. Defined as the flux below which 90% of the sources lie.
d. Defined by the minimum exposure (1.0s) at which a source was detected.
Table 2: Einstein IPC Slew Survey Properties
Observing time
Effective exposure"
Total no. of photons
Mean background
Min. no. of photons/source
(for mean background)
Mean exposure








5 (PRand ~ 1 X ID'4)
12 s
0.45 ct s-1




a. including corrections for vignetting and excluding the 'ribs' regions.
6. 6' x 6' box.
c. 0.2-4.0 keV, for a conversion factor of 3.26 x 10~n ergs /count appropriate for an a power law
energy index of 0.5 and a Galactic N# of 2.0 x 1020 atoms cm~2 as used in the Einstein Medium
Survey (Gioia et al. 1984)
d. based on Medium Survey nomogram (Maccacaro et al. 1988).
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Table 3: Relative value of Einstein instruments for slew surveying













a. FOV= field of view in square arcminutes; %time = fraction of time in focal plane; QE = quantum
efficiency.
Table 4: Offsets for each set of gyros (in arcminutes)








































a. gyro combination F did not contribute usable slews to the survey.
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Table 5: Identified Sources to Date
Class Num. New Total Num. % Survey % Survey
X-ray Src. IDs. Pet. Pred. (MS)
AGN 10 131 19 30
BL Lacs 0 33 5 10
Clusters 12 80 11 20
CVs 0 23 3 6
Stars 121 274 40 20
Known Active 2 48
Binaries 4 19
Wind Cand. (DBA) 18 38
Coronal Cand. (>F) 89 149
Unk., Pecul. 8 20
X-ray binaries 0 41 6 6
and Pulsars
Other: 27 109 16 8
Galaxies 22 42
SN Remnants 0 28
White Dwarfs 1 6
2E Sources 0 25
SIMBAD Sources 4 6
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Counterpart Name Other Counterpart Names
AGN
VII ZW 118*






















































Stars: Known to be Active
1ES0957+247 KOVE+B DH LEO SAO 081134























































 X ERI, HD 11937




SAO 4554 48 CAS, HD 12111
HD 21364 214 TAU, SAO 168373
DU ERI HD 28497, SAO 149674





















HD 9746 SAO 037351
















































































































































7316 TAU, HD 28100
WLY 178, 1163 ORI, HD 30652
ZETA DOR, HD 33262, SAO 233822
HD 41824
SAO 249604










































1 ESI 735 -269




























































V775 HER WLY 9638
HD 176705



























NOTES—° These galaxies, although catalogued as normal, may possess
active nuclei.
b
 Many of the late type stars may be previously unknown active stars.
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Figure Captions
Figure 1: Distribution of source fluxes from the Slew Survey (solid line)
compared with those of the extended Medium Survey (dashed line; Gioia et al.
1989) and the Deep Survey (dotted line; Primini et al. 1991)
Figure 2: Exposure map for the Slew Survey in Galactic coordinates. Slew
paths are readily seen going in great circles between the Ecliptic poles.
Figure 3: GX 5-1 (1ES1758-250) seen before (a) and after (b) Slew aspect
was applied. Applying the slew aspect correction, which takes into account the
motion of the satellite, produces a well-defined image (b). The background over
the whole 1x1 degree field shown is 65 counts for an exposure of 14 seconds.
Figure 4: Fraction of the sky to a given exposure in the Slew Survey.
Figure 5: Initial offsets in arcminutes between Slew derived and accurate X-
ray source positions for 172 known X-ray sources (Remillard et al. 1991; 2E
Catalog) detected in individual slews.
Figure 6: (a) Offset in arcminutes (perpendicular to slew direction) between
the Slew calculated position at the end of the slew and the accurate position
from the pointed, star tracker, solution vs. slew length in degrees. The plot
is for the data before the application of the correction made by rotating the
assumed plane of the gyro assembly, and is for gyro combination B. The solid
curve shows the size of the correction. (6) Offsets as in (a) after gyro orientation
corrections.
Figure 7: (a) Offsets of Slew source positions from Bright Star Catalog
identifications, in R.A. and Dec., after all aspect corrections are applied.
(6) Offsets as in (a) but for an artificial set of Slew Survey sources created
by shifting the real Slew Survey source by one degree in II.A.. This shows
the background rate of identifications due to accidental matches of position,
(c) Radial version of (a) with a heavy line marking the false identification
background rate from (b) (d). Integrated histogram of (a) with the background
from (6) subtracted.
Figure 8: Percolation algorithm flowchart.
Figure 9: Four typical regions of the Slew Survey exposure map. Each region
is 30' on a side, the size of background region 2, and is centered on a Slew
source. (The 1ES name is given for each.)
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Figure 10: Number of candidate sources with 1 photon detected by the
percolation algorithm vs. Poisson probability, PTa.nd- The solid line shows the
number expected assuming there are no real sources in the data. This is a
reasonable approximation for three decades of Prand-
Figure 11: Integral histogram of number of candidate sources with greater
than or equal to 3 photons detected by the percolation algorithm us. Poisson
probability, PTand- The solid line is the number expected if there were no real
sources in the data.
Figure 12: Percentage of Total Candidate sources that are false sources
vs. Poisson probability, Prand- The false source fraction reaches ~2% at our
threshold of log Prand = -3.95.
Figure 13: Offset in arcminutes between the Slew source positions and the
accurate positions of known X-ray sources (for objects in Remillard et al. 1991
and nonextended objects in the 2E catalog) vs. probability of a source arising
by chance.
Figure 14: Fraction of Slew sources lying within 2' of the position of a known
X-ray source (for objects in Remillard et al. 1991 and nonextended objects in
the 2E catalog) us. probability of a source arising by chance.
Figure 15: The M81/M82 region showing how the high density of background
photons confuses the percolation algorithm with the standard percolation
radius of 2 arcminutes.
Figure 16: (a) Slew Survey count rate us. ratio of Slew/Pointed IPC count rate
('2E'). (b) Slew Survey count rate restricted to PI 2-10 us. ratio of Slew/Pointed
IPC count rate ('2E').
Figure 17: Distribution of Slew Survey sources in Galactic coordinates. The
concentration of sources at the Ecliptic poles ('NEP' and 'LMC'), where the
Slew Survey exposure time is greatest, is clear.
Figure 18: Slew Survey image of the Cygnus Loop. The mean exposure time
in this image is ~150 seconds. 108,000 photons are included in the image. The
field shown is 4x4 degrees.
Figure 19: The region of the Slew Survey within 10 degrees of the North
Ecliptic Pole. The exposure time ranges from ~100sec (North) to ~30sec
(South) which leads to the variations in photon density seen in the image. The
image is not exposure corrected. The two darkest areas are short segments of
data from the very beginning or end of slews when the spacecraft is virtually
stationary. The 21 Slew Survey sources are circled. (One source is almost
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